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TITLE OF THE INVENTION 
METHODS AND MEANS FOR THE TREATMENT OF IMMUNE RELATED DISEASES 

CROSS-REFERENCE TO RELATED APPLICATIONS 
[0001] This application is a continuation of International Application No. PCT/NL99/00156, filed 
on 1 9 March 1 999 designating the United States of America, the contents of which are incorporated by 
this reference, which itself claims priority from European Patent Office Application Serial No. 982009 1 7.7, 
filed 23 March 1998, and U.S. provisional patent appln. no. 60/079,086, filed 23 March 1998. 

[0002] Technical Field: The invention relates to the field of immune system related diseases, in 
particular, to novel means and methods for treating these diseases. More particularly, the invention 
provides novel means for eliminating or suppressing populations of unwanted CD3 and/or CD7 positive 
cells. Typically, the invention finds applications in the field of allogeneic bone marrow transplantation. 

[0003] Background: Allogeneic bone marrow transplantation (BMT) is a world-wide accepted 
method of treating a number of severe disorders like leukemia, myelo-dysplastic syndrome, bone marrow 
failure, immune deficiency, storage diseases and hemoglobinopathies (1-6). For a good engraftment, the 
bone marrow must contain a minimum number of T cells (7- 1 0). These cells may also confer benefit as 
they contribute to the so-called graft- versus-leukemia effect which involves the elimination of residual 
malignant cells ( 1 1 - 1 3) . However, donor T cells may react with normal tissues of the host causing graft- 
versus-host-disease (GVHD) which results in serious damage to the skin, liver and gastrointestinal tract (2, 
14-16). When this disease occurs within the first three months after BMT, it is classified as acute GVHD. 
When GVHD develops at a later stage, it is referred to as chronic GVHD. The severity of the clinical 
symptoms is expressed in four grades, grade I refers to minimal GVHD, and grade IV refers to the most 
severe form. Grade TV GVHD is usually fatal and involves epidermiolysis, liver failure, and severe diarrhea 
(14). 

[0004] The incidence and severity of GVHD can be diminished by depleting T cells from the graft. 
At the University Hospital Nijmegen, 98% of lymphocytes are depleted from the graft using counterflow 
centrifugation ( 1 7). However, despite depletion of the vast majority of T cells, GVHD can still occur. The 
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annual incidence of grade II through IV GVHD at the University Hospital Nijmegen is approximately six 
out of a total of forty allogeneic bone marrow transplant recipients. Worldwide, GVHD occurs in 30-70% 
of HLA-matched recipients and contributes to death in 20-40% of those affected (2, 1 8). Even if a patient 
survives severe GVHD, the disease results in long-lasting disability and morbidity leading to repeated 
admission to the hospital. The development of an effective alternative treatment for GVHD will, therefore, 
have a major impact on both survival and the quality of life of allogeneic BMT recipients. 

Current treatment is usually as follows: 

[0005] An immuno-prophylaxis cyclosporin is administered intravenously from one day before 
transplantation onwards (3 mg/kg/d for 1 5 days, and thereafter 2 mg/kg/d). As soon as the patient can 
take oral medication, cyclosporin is given orally (6 mg/kg/d). If the patient develops GVHD, first line 
therapy in the form of corticosteroids is given (prednisone: 1 mg/kg/d). In the event the patient does not 
respond to this therapy within 48 hours, or if the GVHD is progressive within 24 hours, high-dose 
methylprednisolone (Solumedrol 4 x 250 mg/day) is given as second line therapy. When high-dose 
methylprednisolone fails, patients are currently treated with Leukotac (a-IL2-receptor MoAb) (19). 
Although responses are seen in some cases during administration of Leukotac, GVHD normally recurs once 
treatment is discontinued. GVHD will eventually be fatal for about 90% of the patients who do not respond 
to the second line therapy within 3-5 days. 

SUMMARY OF THE INVENTION 

[0006] The present invention provides novel means and methods f or, among other things, the 
treatment of GVHD using molecules specifically recognizing receptors on cells to be eliminated. In a 
number of preferred embodiments, at least one such molecule will be coupled to a toxic moiety. Such 
molecules are often referred to as immunotoxins. 

[0007] An immunotoxin (IT) is a conjugate of, for instance, a monoclonal antibody (MoAb), 
usually developed in a mouse, coupled to a potent toxin such as the A-chain of the potent plant toxin ricin 
(RTA) (FIG. 1). 
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[0008] The mechanism of action of the IT is depicted in FIG. 2. The MoAb-moiety first 
specifically binds to an antigen expressed on those cells which are to be eliminated, and, subsequently, the 
entire antigen-IT complex is internalized. Once inside the cell, the bond between the MoAb and the toxin 
is broken thereby releasing free toxin into the cytoplasm. The released toxin irreversibly inhibits protein 
synthesis by means of a catalytic reaction which culminates in the cell's death. Since the toxin-moiety is 
incapable of entering the cell autonomously and is inactive outside the cell, ITs are only hazardous to cells 
that express the specific target antigen and are capable of internalizing the IT complex. 

[0009] Since their introduction in 1 979, ITs have been used to treat a variety of diseases including 
solid and diffuse tumors, immunological disorders and viral infections. ITs have been investigated at the 
Department of Hematology of the University Hospital Nijmegen since 1 984 within the framework of bone 
marrow transplantation to eliminate malignant T/B cells from autologous bone marrow grafts and normal 
T cells from allogeneic bone marrow grafts (21-31). 

[0010] Clinical results published so far are mainly from Phase I/II studies. The commonly 
observed Phase I dose-limiting toxicities of RTA-ITs are vascular leak syndrome (VLS) and myalgias. 
These side effects, due to the "bystander" effects of the toxin, appeared to be transient and generally 
ceased shortly after immunotoxin administration was discontinued (32). Two different trials witnessed 
toxicity due to cross-reactivity of the MoAb-part with undesired tissue (33, 34). In both cases the IT, 
directed against ovarian carcinoma and breast carcinoma, respectively, cross-reacted with neural tissue 
resulting in severe neurotoxicity. These observations stress the importance of extensive preclinical screening 
for cross-reactivity with normal tissue. A common feature in most clinical trials was the development of 
human antibodies against both the MoAb and the toxin part of the IT (32). These humoral immune 
responses were not associated with enhanced toxicity nor allergic reactions, but decreased the serum half- 
life of the IT. Nevertheless, clinical responses were seen even in the face of anti-IT antibody (35-37). 

[001 1] The efficacy of treatment with ITs, as observed in the Phase I trials, is strongly influenced 
by the accessibility of target cells. So far, treating solid tumors has met with little success, whereas 
treatment of disorders like lymphomas and certain immunological diseases resulted in partial and complete 
responses in 1 2-75% of cases (3 8). These results are impressive considering that treatment of cancer with 
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more than 90% of the drugs currently available produced fewer than 5% of the partial and complete 
responses in Phase I trials (38). 

[0012] Thus, the present invention provides a pharmaceutical composition for eliminating or 
reducing the number of unwanted CD3 and/or CD7 positive cells, comprising a mixture of at least a first 
molecule specifically recognizing CD3 or CD7 and at least a second molecule specifically recognizing 
another ligand receptor associated with the surface of such an unwanted cell, whereby at least one of the 
specifically recognizing molecules is provided with atoxic moiety. A pharmaceutical composition is defined 
herein as any composition which can be administered to an individual, be it as one single dose or as a 
regimen of doses, by any viable route, preferably by intravenous administration, optionally containing usual 
vehicles for administration and/or components of regular treatment of the relevant immu-related disease. 
Unwanted cells are any cells that comprise CD3 and/or CD7 (and, of course, many other) molecules 
associated with the cell surface, which cells are involved in a pathological condition in an individual. 
Typically these cells are T cells, NK cells, or other cells playing a role in GVHD or allograft rejection. 
Also, aberrant cells (T cell leukemias or lymphomas, for instance) comprising CD3 and/or CD7 (preferably 
both) can be eliminated or suppressed according to the invention. 

[0013] A "molecule specifically recognizing CD3 or CD7 or another ligand-receptor" is a term 
well understood in the art and means any molecule having a relatively high binding affinity and specificity 
for CD3, CD7, or the receptor. Typically, the molecule may be a ligand.for a receptor or an antibody for 
either CD3, CD7, or another receptor, which antibody may be truncated, humanized, or altered in any 
other way without losing its specificity (such alterations are herein defined as derivatives and/or fragments). 
"Receptor" is defined as any molecule capable of a specific interaction. Toxic moieties are basically any 
and all molecules that lead to toxicity for the target cell either directly or indirectly, including but not limited 
to lectins, ricin, abrin, PE toxin, diphtheria toxin, radio-isotopes, cytostatic drugs such as adriamycin, 
apoptosis-inducing agents and prodrug converting substances together with prodrugs such as the thymidin 
kinase and gancyclovir combination. Ricin A is preferred. In order to prevent the binding of ricin A to 
carbohydrate-receptors expressed by liver cells, deglycosylated ricin A (dgRTA) (20) is preferred. In 
prodrug embodiments, typically one of the molecules specifically recognizing CD3, CD7, or a receptor may 
be provided with the converting agent and the other with the prodrug. CD3, however, does not need to 
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be coupled to a toxic moiety to have an effect, since it blocks the interaction of the T cell receptor with 
APCs. This is one of the advantages of the present invention which is not present in the prior art. 

[0014] As stated above, it is preferred that both CD3 and CD7 are targeted by specific binding 
molecules therefor. This cocktail has proven itself in preliminary clinical studies in an embodiment where 
the toxic moiety is attached to both specifically binding antibody molecules. A surprising effect of this 
cocktail is that although in some cases GVHD relapse occurs, unlike current treatments this relapse is now 
treatable with low dose corticosteroids. Thus, such a combination is another preferred embodiment of the 
present invention. The invention also provides a pharmaceutical composition as described above, whereby 
said first molecule specifically recognizes CD3 and said second molecule specifically recognizes CD7. 

[0015] The toxic moiety may be coupled to the specifically binding molecule in any manner. For 
example, the coupling can occur with a fusion protein by recombinant means, typically including a protease 
cutting site between a binding molecule and a toxic (protein) moiety, but for ease of manufacturing and 
freedom of choice in toxic moieties, chemical coupling is preferred, optionally by an acid-labile linker. 
Upon internalization, a conjugate typically goes through a lysosome. 

[0016] The invention also provides a pharmaceutical composition wherein at least two molecules 
specifically recognizing different receptors are provided with toxic moieties, which may be the same or 
different toxic moieties. A major advantage to using different toxic moieties when the side effects of the 
moieties are different, is that higher doses can be given. Typically the pharmaceutical compositions 
according to the invention may further comprise at least one further molecule specifically recognizing CD5, 
CD2, CD4, CD8, or an IL-2 receptor, which may also be coupled to a toxic moiety. This may provide 
higher efficacy, but may also be used to provide higher specificity for groups of cells or in combination with, 
for instance, prodrug regimes. 

[001 7] It is preferred that when the molecule specifically recognizing CD3 is an antibody, that the 
antibody is of the IgG gamma-2B class, because this antibody does not fix human complement or bind 
human Fc-receptors and, thereby, does not induce cytokine release by the targeted T cells. Thus, the 
invention, in yet another embodiment, provides a pharmaceutical composition which recognizes CD3 
wherein the first molecule is a gamma2B IgG antibody or a derivative thereof. 
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[0018] Doses used are given in the detailed description hereof. The limits of doses of 
immunotoxins in regimens such as provided herein are typically dependent on the immunotoxin, both 
because of the specificity and affinity of the specific binding molecules as well as because of the different 
tolerated doses for different drugs. Expressed in equivalents of ricin A deglycosylated, the limits will be 
generally within at least 25 micrograms per square meter body surface (a grown human of 80 kg, typically 
has 2 square meters of surface), preferably 1 00 micrograms of ricin A per square meter of body surface. 
This is a lower limit of what may be given in one or more doses over one or more days of treatment. 
Generally the total doses of ricin A equivalents should not be higher than 25 mg per square meter body 
surface. 

[0019] Typically the compositions according to the invention will be used for the treatment of 
GVHD, graft rejections, T cell leukemias, T cell lymphomas or other CD3 and/or CD7 positive 
malignancies, autoimmune diseases, or infectious immune diseases such as HIV-infection. As stated above, 
in GVHD and graft rejection, a typical effect is seen in that after treatment with a composition as disclosed 
herein, the relapse is treatable with low doses of corticosteroids. Such a regimen is also part of the 
invention. 

[0020] Thus, the invention also provides akit of pharmaceutical compositions for treating GVHD 
and/or graft rejection comprising a pharmaceutical composition comprising at least one corticosteroid. The 
invention leads to a drop in numbers in the population of unwanted cells to at least 20% of the original 
amount, usually even to 5% or less. In contrast to what prior art regimes have accomplished, typically, this 
number stays low over a prolonged period of time. Another advantage of the present invention is that the 
exemplified composition not only targets T cells, but also NK cells. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0021] FIG. 1 is a view of an example of an immunotoxin. 

[0022] FIG. 2 is a view of an example of the mechanism of action of an immunotoxin with an 
antigen. 

[0023] FIG. 3 is a view of a SMPT. 
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[0024] FIG. 4 is a bar graph depicting the proliferation of responder cells when SPV-T3a was 
added following the initiation of a mixed lymphocyte culture. The graph illustrates that alloactivation was 
blocked when SPV-T3a was added following the initiation of the mixed lymphocyte culture. 

[0025] FIG. 5 consists of two graphs charting incubation of a CTL-clone treated with SPV-T3a 
as compared to a control group and IgG2b-mAb. The first graph illustrates the reduction of CTL- 
cytotoxicity directly following treatment. The second graph shows the reduction of the CTL-cytotoxicity 
on day 5. 

[0026] FIG. 6 is a graph illustrating the reduction of NK-activity determined by a 51 Cr labeled 
release incubating with saturating amounts ofWTl-dgRTA, IgG2a-dgRTA, WT1 and SPV-T3a-dgRTA. 

[0027] FIG. 7 consists of a chart and graph illustrating the weight changes following the 
administration of the IT-cocktail. 

[0028] FIG. 8 consists of two graphs comparing SPV-T3a-dgRTA ? WT 1 -dgRTA, and IT cocktail 
at different serum concentrations. Each graph illustrates the rise in serum concentration following infusion. 

[0029] FIG. 9 consists of two graphs illustrating CK levels after infusion of the IT cocktail The 
arrows pointing to the graphs show the times that the IT cocktail was placed in the system. The graphs 
illustrate a rise of CK-levels following infusion. 

[0030] FIG. 1 0 is a graph illustrating the reduction of circulating T cells and NK cells following a 
first infusion. The graph is based upon a 24 hour scale. 

[0031] FIG. 1 1 consists of two pictures of skin biopsies of a patient. Picture A depicts the 
epidermis before the IT-cocktail treatment while picture B depicts the epidermis two weeks afer the IT- 
cocktail treatment. Picture A is typical for severe GVHD. 

[0032] FIG. 1 2 is a graph depicting the response of lymphocytes in a test subject after the IT 
cocktail was placed in the system. 
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DETAILED DESCRIPTION OF THE INVENTION 
[0033] The rationale for ITs to treat GVHD is that these conjugates can be used for an efficient 
and specific eradication of immunocompetent T cells responsible for the disease. In this perspective, ITs 
might be more effective and may cause less side effects than broadly immunosuppressive reagents such as 
cyclosporine and corticosteroids. In 1990, Byers et al. reported a Phase I clinical trial in which they 
intravenously administered an anti-CD5 RTA-IT (Xomazyme-CD5) to treat coracosteroid-resistant GVHD 
(39). The initial results were very promising with skin, gastrointestinal tract, and liver disease responding 
in 73%, 45%, and 28% of cases, respectively (39). However, more recent clinical trials have shown that 
Xomazyme CD5 is no more effective than alternative treatments (18). Consequently, the further 
development of Xomazyme-CD5 has been abandoned. 

[0034] Encouraged by the initial success of the IT-based treatment of GVHD, we set up to 
develop alternative ITs with superior anti-T cell activity. In order to achieve this, RTA was conjugated to 
a panel of MoAbs that react with antigens that are expressed almost exclusively on T cells, namely the T 
cell differentiation-antigens CD3 , CD5 and CD7, and each was assayed for its anti-T cell activity. From 
this preclinical study, it appears that a cocktail of SPV-T3a-RTA (CD3-IT) and WT1 -RTA (CD7-IT) has 
the highest potential for treating patients with severe GVHD. This mixture affords: 

- Synergistic cytotoxicity in which the simultaneous incubation of half the effective individual dose 
of SPV-T3a-RTA and WT 1 -RTA is more effective in eliminating T cells than either IT alone (including the 
CD5-IT). 

- Broad mechanism of action in which binding of SPV-T3a to the T-cell receptor/CD3 complex 
results in an additive immunosuppressive effect by blocking the recognition by the donor T cells of the 
foreign patient antigens. This effect is independent of action of ricin A. Moreover, the binding of this 
particular CD3-MoAb does not stimulate T cells to produce cytokines which would otherwise augment 
the severity of GVHD. 

- Broad spectrum reactivity by which WT1-RTA is also reactive against NK cells. These 
lymphocytes are thought to aggravate the severity of GVHD, especially in the later phase of the disease. 

[0035] It has been previously described that the use of combinations of ITs can strongly enhance 
the efficacy of target cell elimination. The most obvious advantage over single-IT-treatment is that fewer 
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target cells will be multiple antigen-negative than single antigen-negative. In addition, those ce^^ 
express substantial levels of all target-antigens might be loaded with IT to a higher extent. When the 
respective ITs follow a different intracellular routing, the chance of escaping therapy might be further 
reduced. With respect to the use of anti-T cell IT, reports addressing the combination or cocktail approach 
tavethusfofocusedonwv^ 

of the present invention, we state that a mixture of murine mAb SP V-T3a (CD3, IgG2b) and WT 1 (CD7, 
IgGl), both conjugated to dgA, forms a superior combination for the elimination or suppression of 
unwanted (e.g. , over-reactive, misdirected, or malignant) T cells and/or NK cells. This particular 
combination affords important benefits which surpass me "coinmon" synergism as observed with the more 
or less "random" combinations of anti-T cell IT. 

[0036] Some aspects delineating the superior characteristics of this particular combination are 
described below. 

(A) AntigenbmdmgofaCDSoraTcellrece^^ 
andmodulation(mtemal^^ 

of the T lymphocytes. 

(B) Binding of a CD3 or a TCR mAb results in at least partial Fas-mediated apoptosis of a 

significant fi^tionofactivatedTlymphocytes,accordingtoamechanismdescribed as activation induced 
cell death (AICD). 

These two effector mechanisms, which are independent of a conjugated toxin, are of vital 
importance when intervening in an acute life-threatening situation such as refractory GVHD. The temporal 
(blocking andmodulationofCD3ATCR)as well as limited (AICD) nature ofmese effects orily stresses the 
benefitofmaldnga"realldller"ofto 

as CD3 mAb is that SPV-T3a is an IgG2b-isotype and out of the majority of the T cells isolated and 
examined from the human population SPV-T3a has proven not to induce cytokine release. As a 
consequence, the risk of the so called "cytokine release syndrome", which severely complicates the 
immunological disorder to be treated, is strongly reduced. 

(C) ThepresenceofmeCD7-IT mme IT-coM 
"common" synergism, in that it broadens the spectrum reactivity of the IT-cocktail. The CD7 antigen is 

10 



alsoexpressedonNKcellswhich,accordingly,formatargetfo^ Our 

changedinsightregardingmeprocessesunderlyingGVHDis*^^ 

pathophysiology of GVHD, particularly in the efferent phase of the disease. 

Clinical history of the IT-cocktail components: 

[0037] SPV-T3a: SPV-T3a is a mouse IgG2b MoAb directed against the human T cell 

differentiation antigen CD3 (40). 

[0038] Anti-CD3antibodytapyisoftena 
bythebindingtotheTcellrece P tor/CD3complex(41-44).OneoftheimportantbenefitsofSPV-T3a 

is that this particular MoAb does not induce cytokine release because it is an IgG2b-isotype (45, 46). 
[0039] AtmeDepartmentofHematologyofmeUniversityHospitalNijmegen,partofthe bone 

marrowobtamedfromHLA-ma^ 

T3a-RTAandWTl-RTAinoidertoelimmateirnmunocomr^tent 

this marrow showed normal hematopoetic ^constitution without any signs of toxicity (n=3 , data not 
shown). 

[0040] WT1: MoAbWTlisamouseMoAbofIgG2aisotypedirectedagainstthehumanTcell 

differentiation antigen CD7 (47, 48). 

[0041] AtmeDepartaentofNephro^ 
underwentalddney-transplantation^avebeentreatedwim in order to treat an acute rejection. The 

admimstrationofunconju^^ 

or severe toxicities. No clinical efficacy could be noted. 

[0042] WT1 has been conjugated to dgRTA and administered to rhesus monkeys to test its 

suitabilityforusein^ 

WTl-dgRTAmaybesafelyadministeredintrathecallyto rhesus monkeys and could be a good candidate 

for the treatment of T-lymphoblastic CNS leukemia. 

[0043] AtmeDepartmentofHematologyofmeUniversityHospitalNijmegen,WTl-RTAhas 

beenusedsmcel986forme^v/vopurgingofautolo g ousBMofpatientssuffermgfro^ 
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leukemia/lymphoma in order to eliminate residual malignant cells. After purging, neither neutrophil 
engraftment nor immunological reconstitution was delayed (n=20) (25). 

[0044] SA^rcro^-/mfer. TheMoAbsareconjugatedtodgRTAiisingthechemical cross-linker 
SMPT (FIG. 3). The cross-linker contains a disulfide bond which is important for the intracellular 
dissociation of the MoAb and dgRTA which is necessary for toxicity. See FIG. 2). 

[0045] SMPT is a so called "second-generation cross-linker", characterized by having ahindered 
disulfide bonddue to the presence of the phenyl ring. This renders the SMPT-linker less susceptibleto 
extraceUularratotion by thiols present in the tissues andblood, and, therefore, results in a prolonged 
serum half-live of the IT. Thorpe et al. demonstrated in an in vivo mice tumor model that using SMPT 
insteadofttefirst-gene^^ 

basedITs(20). Amlotetal. performed a Phase I trial in which they studied the treatment of malignant 
lymphoma by intravenous administration of a SMPT-conjugated IT (RFB4 [IgG] -dgRTA) (50). Due to 
the long serum half-live of 7.8 hours, merapeutic serum concentrations could be maintained between the 

infusions given at 48-hour intervals. 

[0046] dgRTA: The earliest RTA-basedlTs consisted ofa MoAb conjugated to native RTA. The 

oligosaccharides present onmenativeRTA^^^^ 

(20, 51). This problem has been addressed in the second-generation ITs which make use of either 
deglycosylated RTA (dgRTA) or non-glycosylated recombinant ricin A (rRTA) (52, 53). 

[0047] VitettaandcolleagueshavereportedmeadmirustrationofdgRTA-basedlTstopatients 

wimrefractoryB-cellnon-Hodgkin'slymphoma.Theytestedtwodifferentcon^ 
Fab'fractionofMoAbRFB4(anti-CD22)wasconjugatedtodgRTA(50). In the latter construct they 

used RFB4 whole molecule (54). 

[0048] The ITs were administer The 
Phaseldoselimitingtoxicities included pulmonary edema, expressive aphasia, and rhabdomyolysiswith 
acute renal failure. Other side effects included hypoalbuminemia, weight gain, fever, tachycardia, decrease 
inelectrocardiogramvoltage,myalgias, anorexia, andnausea. The maximum tolerated dose (MTD) was 
75 mg/m 2 for the Fab'-dgRTA and 32 mg/m 2 for whole IgG-dgRTA. The MTD appeared to be inversely 
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related to the serum half-life of 86 minutes and 7.8 hours, respectively. The two forms of the dgRTA-IT 
demonstrated no significant difference in clinical responses (partial and complete responses in 45% of the 
patients receiving greater than 50% of the MTD), in immunogenicity or in the toxic side effects. Because 
of its lower costs, the IgG-dgRTA IT was selected for further development. 

[0049] The major findings to be learned from these studies are: a) The MTD of dgRTA-ITs is 
dependent primarily on the size of an individual dose rather than the cumulative dose. When administering 
RFB4 (IgG) -dgRTA at 48-hour intervals at doses of 8 mg/m 2 or less, only grade I or II toxicities were 
observed. Total doses of 32 mg/m 2 RFB4 (IgG) -dgRTA were consistently safe. As a consequence of 
the relatively long T 1/2, therapeutic serum concentrations (about 1 .8 |ig/ml) could be maintained during and 
between infusions, b) Side effects of the dgRTA-ITS administration were relatively modest and consisted 
predominantly of VLS and myalgia. No hepatotoxicity and minimal BM toxicity was observed, c) Patients 
with underlying pulmonary disease should not be treated because of the danger of VLS contributing to 
further pulmonary insufficiency. 

[0050] Patients received four doses of IT-cocktail administered intravenously in 4-hour infusions 
at 48-hour intervals. If no clinical response was observed and if no severe toxicities (grade III or IV) 
occured, the study continued with the next higher protein dose level. 

Patient population 

[0051] Patients have received second-line high dose corticosteroid therapy (methylprednisolone 
1000 mg/d) for at least three days without any decrease in the severity of GVHD. 
[0052] Patients are EXCLUDED from participation in the study if: 

1 . The patient has a significant history or current evidence of intrapulmonary disease. 

2. The patient has a history of allergy to mouse immunoglobulins or ricin. 

3. The patient has circulating high levels of human anti-mouse antibodies (HAMA). 

Treatment 



Pharmacological information: 
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|»053) The IT-cocktailhasbeenprepared by the Department of Hematology under supervision 
ofm eDeparr™ntofC,mica,Pharmacyo^^^ 

lots of IT-cocktail. 

Immunotoxin administration: 

,0054] I—toxinsareadmimste^ 

a^phylactoidrsactions. The IT-cocktail is administered in four doses a, 48-hour intervals. T!rera«onale 

before 10 to 14 days after administration of xenogenic Ig). 

10055] TlK paUen«isinidallyt re atedvvifl, W osubse q uentdosesof2mg/rf. At this dose level no 

side effects are observed. Inthe absence of gradelllor IV toxicities, the dose will be enhanced«o4 

mg/m 2 if necessary. 

Guidelines for dose modification: 

10056] Toxicities related to the immunotoxin administration are graded as grade I (mild), II 

( modera,e),m ( severe)orIV(life^ 
Specialanentionmustbepaidtomev^ 

gain, peripheral edema, decrease in blood pressure, hypoalbuminemia, and small pleura, effus.ons. 

,0057, Consecutive doses given to the samepaien,: Infusion ofthe second, third and fourth 
dose at any dose level is dependent upon the toxicity achieved after the previous infusion: 
Grade I toxicity: no change in the scheduled dosage. 

Cade n toxicity: 24 hours-delay ofthe dosage, with the next dose given if toxicity improve, 
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Gra deffltoxicity«^ 
parameters have improved (halving of the dosage can be considered). 
Grade IV toxicity: no further dosage. 

,0,58, Do se e^non: Progression from one dose leve, ,o ,he next should only occur after: 

cocktail and have been observed for a, leas. 48 hours after «he las, dose; and 
. Dose limiting toxicity has not been reached. 

,0059! Do*!*******- Dose lim i,in g toxicity is defined as, he occurrence of adverse 
(MTD). 

Concomitant medication and treatment: 

„ W 0, hnmunosuppressive agents used for prophylaxts and initial — nray nwntarn 

unchanged throughout immunotoxin therapy. 



Pretreatment studies: 

a „C03- urea.creatine.buirub^ 
pl.elec^phoresiMeu.ocy.splusdifferen.ia.ion,^ 
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[0062] The patient is assayed for human anti-mouse and antiricin responses (HAMA/HARA), and 
serum levels of IL-2, TNF-a and IFN-g. Furthermore a quantitative alloreactive T-helper/T-cytotoxic 
precursor assay will be performed. 



Follow-up studies: 

[0063] Daily complete physical examinations are performed during IT-cocktail administration until 
two days after the last dose and weekly thereafter. Blood is analyzed daily for Na+, K+, C1-, HC03-, 
urea, creatine, glucose, albimiin, leukocytes plus differentiation, red cells, hemoglobin, hema^^^^^ 
thrombocytes. Blood is analyzed every two days for bilirubin, AP, ASAT (GOT), ALAT (GPT), gGT, 
LDH, total protein plus electrophoresis. 

[0064] Vital signs (blood pressure, pulse, respiration frequentation, and temperature) are checked 
every 1 5 minutes during the first hour post infusion, every 3 0 mm during the second up to fourth hour post 
infusion, and from then oneveryhourup to eighthours post infusion. In addition, vital signs are assessed 
daily during IT-cocktail administration until two days after the last dose, and then weekly thereafter. 

[0065] Pharmacokinetics and clearance of Its: Blood samples are collected at 0, 1, 3, 4, 8, 
12, 24, and 48 hours after each infusion. The serum concentrations of SPV-T3a-dgRTA and WT1- 
dgRTAarequaiititauvelydeterrnm^ 

(IRMA). Fromthese results the mdividual serum r^Mivesofme two are calcdated using non-lme^ 

squares regression analysis. 

[0066] Measurement of humoral responses: In order to examine HAMA and HARA responses, 
serum samples are obtained one day pre-injection and weekly after me fi^tirmasion until the patient comes 
off the study. The concentration of HAMA and HARA is determined in a sensitive radiometric assay. 

[0067] Immunological monitoring: Blood is sampled every other day during IT-cocktail 
administration until two days after the last dose and then weekly mereafter for iinmunological monitoring. 
PBLs are isolated and evaluated for composition by flow cytometry using antibodies reacting specifically 
with T cells subsets, B cells, monocytes/macrophages, and NK cells. Serum is collected to determine 
levels of IL-2, TNF-a and IFN-g by commercial enzyme-linked immunosorbent assay (ELISA) kits. 



16 




[0068] The proliferative and cytotoxic activity of alloreactive PBLs is tested two days following 
the last dose using standard T-helper and T-cytotoxic-precursor assays, respectively. 

[0069] Staging and Grading ofGVHD and clinical responses: GVHD is scored daily during 
IT-cocktail administration until two days after the last dose, and weekly thereafter until the patient comes 
off the study. Each organ system is evaluated grade I through IV GVHD according to the criteria of 
Glucksberg et al. : skin by amount of surface involved with rash, gastrointestinal tract by the volume of 
diarrhea, and liver by serum bilirubin levels. Patients are also given an overall grade ofGVHD based on 
severity of organ involvement. 

[0070] Responses to therapy are defined as follows: 

- complete response (CR): the disappearance of symptoms in all organ systems; 

- partial response (PR) : improvement of 3 1 organ, with no worsening in other organs. 

- mixed response (MR): improvement of 3 1 organ, with worsening in 3 1 other organ. 

- stable disease: no significant change in any organ system. 

- progressive disease (PD): progression in 3 1 organ system without improvement in any organs. 
[0071] The duration of response is defined as the period from the date the response was first 

recorded to the date on which subsequent progressive disease is first noted. 
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Results 

[0072] Animal toxicity studies and preclinical studies 

Animal toxicity studies and preclinical studies are summarized herein. 

INHIBITION OF ALLO ACTIVATION BY UNCONJUGATED SFV-T3a 

Method: 

[0073] Alloactivation was analyzed in a mixed lymphocyte culture (MLC). MLC were performed 
with "responder" peripheral blood lymphocytes (PBL) mixed in a one to one ratio with irradiated 
"stimulator" PBL. Cultures were performed in triplicate (5x 1 0 4 cells/well) in U-bottomed microtiter plates 
in 1 50 jA culture medium at 37 °C and 5% C0 2 . Prior to, or at different days following initiation of the 
MLC, SPV-T3a (10 8 M) or an irrelevant isotype- matched control antibody were added to the culture 
medium. Following 72 hours of culture, plates were labeled with [ 3 H]thymidine (0.4 ^Ci/well) for 4 hours. 
Subsequently, the proliferation of responder cells was determined by collecting the DNA using a cell 
harvester and counting the incorporated radioactivity. Proliferation was expressed as a percentage of the 
untreated control. 

Results: 

[0074] * Alloactivation was completely blocked when SPV-T3a was added directly following the 
initiation of the MLC. When addition of SPV-T3a was postponed to one or more days following initiation, 
this effect gradually ceased to exist. Following four days, addition of SPV-T3a no longer had an effect on 
proliferation. The irrelevant isotype-matched control antibody did not influence alloactivation at all time 
points. Translated to the in vivo situation these results demonstrate that unconjugated SPV-T3a is capable 
of delivering a direct and important immunosuppressive effect by preventing ongoing allostimulation of T 
lymphocytes. For the suppression or elimination of already stimulated T lymphocytes, SPV-T3a is 
dependent on another effector mechanism, termed activation induced cell death (AICD), or needs to be 
conjugated to a toxin. 

*The results are summarized in graphical form in FIG. 4. 
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ACTIVATION INDUCED CELL DEATH BY UNCONJUGATED SPV-T3a 

Method: 

activity was assayed by lysis of a loaded EBV-transformed lymphob.astoide cel. Ime (EBV-LCL 
p ^„„„ftheTC*CDSco m p,ex(w«chisH^^^ 



ex; 

SPV-T3a) 



Results 



|W 761«Directlyfo.lowing m a tm en t (dayl)Jncuba.io n »ith„a«ivemAbSPV.T3a(108M) 

SPV-T3a Following four days of extended incubation, the CTL-clone regained „s norma, 
TC^xpress^butCTL-cy^^ 

situanonthismeanst^conju^ 

further enhanced when conjugated to a toxin like ricin A. 

♦The results are summarized in graphical form in FIG. 5. 
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COMMON IT-COCKTAIL SYNERGISM OF SPV-T3a-dgA & WTl-dgA 



Method: 



l «M,771PHA-s.imula.edPBLwe rett =atedwitt,10'MITfor24ha.3/C,w a shed,andcultu re d 
m W Alongpass-fn.erof610„mwasusedformeas^ 

525/30 M1 forCalc-fluoresce„c=.Overlapof«heemissions f «c M ofPIa»dCalccouWbeadjus.edby 
of ,0 000 cell, Viable cells were identified as being Pl-negative and Calc-positive. Pnor to FCM 

untreated control. 



Results: 




to be far more effective in combination (half a dose each) than either IT alone. 
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REDUCTION OF NATURAL KILLER ACTIVITY BY WTl-dgRTA 

Method: 

[0079] Blood mononuclear cells were isolated from peripheral blood by Ficoll centrifugation and 
incubated with 1 08M mAb or IT in a concentration of 1 x 1 0 6 /ml for 24 hrs. Subsequently, cells were 
washed and analyzed for NK-activity after 4 additional days of incubation without IT (this lag period is 
essential for IT to display their full efficacy). During the experiment, 50 units/ml recombinant IL2 was 
added to the culture medium to increase NK-activity. For analysis ofNK-activity, cells were serial diluted 
and incubated with a fixed number of 5 1 Cr-labeled K562 blasts ( 1 0 4 / 1 00 gl) to yield an effector to target 
ratio of 1 0: 1 , 3.3 : 1 , 1 . 1 : 1 , and 0.37: 1 . After 3 .5 hours of incubation at 37 °C, the cell mixtures were 
centrifuged and radioactivity was measured. NK-activity was expressed as a percentage maximum 
5l Cr-release as determined with saponin treated 5 'Cr-labeled K562 blasts. Both were corrected for 
spontaneous 51 Cr-release as determined with 5 'Cr-labeled K562 blasts incubated with culture medium 
only. 

Results: 

[0080] * Incubation with saturating amounts of mAb SP V-T3a ( 1 0 ^g/ml) had no effect on the 
NK-activity, nor had treatment with SPV-T3a-dgA (lO 8 M). Four days following incubation with 
WTI-dgA, in contrast, the NK-activity distinctively reduced to 8% of the untreated control. Neither 
unconjugated WT 1 , nor the isotype-matched control IT influenced the NK-activity. Translated to the in 
vivo situation, this means that incorporation of WT 1 -dgA in the IT-cocktail not only results in the common 
IT-cocktail synergism, but also broadens the spectrum reactivity. This is of vital importance since, though 
initiated by CTL, GVHD is thought to be aggravated by less specific cytokine-stimulated bystander cells 
like monocytes and NK/LAK cells. 

The results are summarized in graphical form in FIG. 6. 
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Animal toxicity studies: 

A. LD50 determination with Balb/C mice (See, FIG. 7): 

IT-cocktail: 25-45 mg/kg 

RFB4-dgA (based on literature): 14 mg/kg 

B. Administration to Java-monkeys (See, FIGs. 8 and 9): 

Rise of CK-levels following infusion 
No further acute toxicities 
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Clinical study. 

[0081] The results of the clinical study are reported herein. 
Clinical pilot-study: 

[0082] Ongoing one center, non-randomized, open labeled, dose escalating study (aim of treating 
5-7 patients) 

Four doses intravenously at 48-hour intervals: 



Dose of IT-cocktail 
(mg/m 2 ) 



#PATIENTS Dl D3 D5 D7 Total 

1 2 2 4 4 12 

2 4 4 4 4 16 
2 8 8 8 8 32 
2 10 10 10 10 40 

Evaluation: pharmacokinetics, toxicities, human-anti-mouse antibodies and human-anti-ricin 
antibodies (HAMA and HARA), biological and clinical responses 

First patient characteristics: 

Male 60, Multiple Myeloma 
Sibling transplantation 

GVHD of skin, gut and liver (overall grade IV) 
Complication: multi-organ failure 
IT-cocktail: 2 doses 2 mg/rn 2 , 1 of 4mg/rn 2 
Died seven days following the first infusion 
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First patient, toxicities: 

Mild capillary leakage, no weight gain 
No increase of CK-levels 
No further acute toxicities 
No HAMAs/HARAs 

First patient clinical response: 

Skin: improvement starting at day 5 

Liver: stable (poor condition) 

Gastrointestinal tract: not interpretable (morphine) 

First patient, biological response: (See, FIG. 10) 

Impressive reduction of circulating T/NK cells (CD2+5+ and CD2+, respectively) 

During first 4 hour infusion: decrease to 17% 

Gradually declines further to 1% at day 7 

Dual mechanism: mAb-based (fast) & dgA-based (lasting) 

Second patient, characteristics: 
Male 34, CML 
Matched unrelated donor 
Grade4GVHD of the skin 
IT-cocktail:2 doses 2 mg/m 2 , 2 of 4 mg/m 2 

Second patient, toxicities: 

No acute toxicities could be observed 
No HAMAs/HARAs 

Second patient, responses (See, FIG. 1 1): 
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Dramatic (complete) response starting at day 5 

Lasting for - 1.5 month 

Relapse ofGVHDI-II 

Responding to low dose corticosteroids 

Died 8 months following treatment due to an infection 



Third patient, characteristics: 
Male 47, MDS 
HLA-identical donor 
GVHD grade 3/4 of the gut 
IT-cocktail: 4 doses of 4 mg/m 2 

Third patient toxicities: 

Rise in body temperature during infusions 
No further acute toxicities 
No HAMAs/HARAs 



Third patient responses: 

Reduction of lymphocytes (see, FIG. 12) 

Decrease of stool volume 

Endoscopy: strong improvement of gut-tissue 

Conclusions pilot-study: 

IT-cocktailiswell tolerated, no acutesevere toxicities extensive biological and clinical responses 
in the absence of acute severe toxicities 

IT-cocktailformseffectivetoolfor/nv/vo suppression or elimination of misdirected, overreactive 
or malignant T cells and/or NK cells 
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Materials and methods. 

Making Monoclonal Antibodies 

[0083] The monoclonal antib^^ 

knownintheart. Selection steps to select immunoglobulins having the properties disclosed hereinabove 
are also well known in the art and may include affinity chromatography and the like. 

Preparation of F(ab') 2 Fragments 

[0084] F(ab0 2 fragmentsofantibodieswere P reparedusinga"F(ab') 2 preparationkit" (Pierce, 
Rockford, IL), according to the manufacturer's protocol. Briefly, antibodies were incubated with 
immobilized pepsin at pH 4.2 (20 mM sodium acetate buffer) for four and sixteen hours, respectively. 
Undigested IgG molecules, and Fc-fragments were removed by affinity chromatography with protein A- 
sepharose. Remaining fragments smaller than 30 kD were removed by means of a centriprep-30 
concentrator(Amicon,Beverly,MA).ThepurityofF(ab02fragmentswasdete^^ 
which revealed less then 1% contamination with either intact IgG or Fc-fragments (data not shown). 

IT preparation. 

[0085] Antibodies were conjugated ona 1 to 1 ratio (m/m) to deglycosylatedricin A (dgA, Inland 

Laboratories, Austin, Texas) using the SMPT-crosslinker (Pierce, Rockford, IL),accordmg to me mem^^ 

as described by Ghetie et al. (Ghetie, V. et al., The GLP large scale preparation of immunotoxins 

con ^ingdeglycosylatedricinAchainandahindereddisulfideb^ 
142: 223-30). 

[0086] Antibodies were conjugated to ricin A (kindly provided by Dr. F.K. Jansen; Centre de 
RecherchesClmlVfidy,^ 

Pharmacia) or SMPT, as described. (The conjugation ratios of ricin A to mAb were estimated by 
measurement of absorbance at 280 ran and RIA, and were determined to be in the order of 0.8 to 1 .2. 
Preservation of antibody-binding activity following conjugation was assessed by FCM. 
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Table I: Dose levels: 



Dosage of IT- 

cocktail 

(mg/m 2 ) 

dl d3 d5 d7 Total 

Patients 



2 


2 


4 


4 


12 


4 


4 


4 


4 


16 


8 


8 


8 


8 


32 


10 


10 


10 


10 


40 
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Table 2: Flow-chart of IT-cocktail study (summary of study requirements): 
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1 : Vital signs are checked every 1 5 min during the first hour post injection, every 30 min during the second 
up to the fourth hour, and from then on every hour up to eight hours post-injection. 
2: The pre-study biochemistry panel includesNa+, K+, C1-, HC0 3 -, urea, creatine, bilirubin, glucose, AP, 
ASAT (GOT), ALAT (GPT), yGT, LDH, and total protein plus electrophoresis. 
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During the follow-up study, blood will be analyzed daily for Na+, K+, C1-, HC0 3 -, urea, creatine, 
glucose,and albumin. Besides, every two days is added bilirubin, AP, AS AT (GOT), ALAT (GPT), yGT, 
LDH, and total protein plus electrophoresis. 



3 : The hematology panel includes leukocytes plus differentiation, red cells, hemoglobin, hematocrit, 
thrombocytes. 

4: To be continued weekly until WBC numbers have returned to normal. 

5: Venous blood samples are obtained pre-injection and 1, 3, 4, 8, 12, 24, and 48 hours after each 

injection. Besides, a sample is taken 72 hours following the last injection. 

6. The flowcytometry panel includes the markers CD2, CD3, CD4, CD5, CD7, CD8, CD14, CD19 and 

CD56. 

7: Serum is assayed for levels of IL-2, TNF-a and IFN-y. 
8: To be continued monthly when responses are observed. 
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Table 3: staging acute graft-versus-host disease (GVHD) 
(Glucksberg et al, Transplantation 1974, 18: 295-304) 
Skin. 

grade 1 : maculo-papu.lar eruption involving less than 25% of the body surface 
grade 2: maculo-papular eruption involving less than 25% to 5,% of the body surface 
grade 3: generalized erythroma 

Liver 

grade 1: bilirubin 34-50 umol/1 
grade 2: bilirubin 51-100 umol/1 
grade 3: bilirubin 101-254 umol/1 
grade 4: 3 255 umol/1 

Gut 

grade 1: 500 to 1000 ml of stool/day 
grade 2: 1001 to 1500 ml of stool/day 
grade 3: 1501 to 2000 ml of stool/day 
grade 4: >2000 ml of stool/day 

Overall severity of aGVHD 
grade lrskin: 1/2; gut: 0; liver 1 

grade 2: ski „; ,/2/3/ ; ^ m ^ ljver m ^ ^ 

grade 3 skin: 2/3/4; gut 2/3/4 wi or liver 2/4 often ^ ^ 

grade 4: simular to grade 3 but extreme constitutional symptoms 
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ABSTRACT 

The present invention provides novel means and methods for treating unwanted side effects in 
transplantations, such as GVHD and allograft rejection. The invention provides immunotoxins comprising 
an antibody and a toxic substance, whereby cocktails of such conjugates directed to different targets 
associated with one population of cells, wherein one target is chosen from CD3 or CD7. The preferred 
combination is a cocktail directed against both. 

N:\2l83\4541\AppendixA.wpd 05/08/02 
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METHODS AND MEANS FOR THE TREATMENT OF IMMUNE RELATED D,SEASES 

CROSS-REFERENCE TO RELATED APPLICATIONS 
(MO!) ^^^^^^^ 

filed 23 M^ „ 98 , Md US . provisiona| paten( apph no 6o/o79 o86> ^ M ^ ■ 
(.0.2, W^IFW ™e i „ve ntare , at e st „ th e fi e ldofimmunesystemreIated ^ .„ 

^."--^^^^ 

iS ™ hf0 ^ es ,^ eIreferstomtod ^ 
failure, and severe diarrhea (14). 
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still occur. The annual incidence of grade [II-through] II throug h IV GVHD at the University Hospital 

Nijmegenisapproxim^^^ 

[World-wideJWoi^ 

in20-40o/o O fthoseaffec^ 

lasting disability ^ morbidity leading to repeated admission tojhe hospital. The development of an 
effectivealtem^ 

quality of life of allogeneic BMT recipients. 

Current treatment is usually as follows[.]: 

[0005]Animmuno-prophylaxiscyclosporinisadmmistered 
transplantation onwards (3 mg/kg/d for 1 5 days, and thereafter 2 mg^cg/d). As soon as the patient can 

t a keoralm e dication,cyclosporinis g iveno ra lly(6m g ^ g /d).IfthepatientdevelopsGVHD,firstl^ 
merapymmeformofcorticosteroiclsisgivenCpreta 1 mg/kg/d). In [case] theeyent the patient does 
notrespondtothistherapywithin48 hours, or ifthe GVHD is progressive within 24 hours, high-dose 
[methylpredmsolonj me^ 

Whenhigh-dose [me%lpredmsolonhasfailed]n^^^ 
I^ukotac(a-IL2-receptorMoAb)(19).Almo U ghresponsesareseeninso^^ 

ofLeukotac, GVHD normally recurs once treatment is discontinued. GVHD will eventually be fatal for 
about 90% of the patients who do not respond to the second line therapy within 3-5 days. 

SUMMARY OF THE INVENTION 
[0006] Thepresentmventionp^ 
m e toto entof[G^^ 

Inanumberofpreferredembodiments^atleastonesuchfajmoleculewill be coupled to a toxic moiety. 
Such molecules are often referred to_as immunotoxins. 

[0007] An immunotoxin (IT) is a conjugate of, for instance, a monoclonal antibody (MoAb), 

usuallydevelopedinamouse, coupled to a potent toxin such as the A-chainofthe potent plant toxin ricin 
(RTA)([figure]Fiai). 
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[0008J 'n.emechamsmofactionoftheITi s depic t edi„[flg llI e]FIfi,2. The MoAb-moiety first 
specificallybindsto^antigenexpressedonthosecellswhicharetobeeliminated^whereafterjad, 

MoAb and the toxin is broken .hereby releasing free ,oxi„ i„,o ,he cytoplasm. The reieased toxin 

Sineethetoxin-moie^isincapabteofenteringftecellautonomouslyandis^ 
^^^cellsthate^smespedficta^e^ 

the IT complex. 

[0M9] Sineetheirintrodue^ 
sol.danddiffusemmors.tonunologicaldisorde^and viral infection, ITs have been investigated at, he 

Der^en.ofHe m a,ologyof te Universi^H„s P i t alNijrne g en Us i„cel984wi U „«heWworkof 
to "^°w<™sptatanon,oete^ 

grafts and normal T cells from allogeneic bone marrow grafts (21-31). 

[00101 Clinical results published so far are mainly from Phase WI studies. The commonly 
ob.servedPhaseIdose-limiUng,oxici t iesofRTA-ITsarevascul M leaksyndrome(VLS)^dmyalg^ 

generallyceasedshortlyafterimmun„,oxinadministration W asdisc„ntinued(32).Twodifferentrt 
wimessedtoxici^duetolcros^activitylc^s^e^ 

In both cases the IT, directed against ovarian carcinoma and breas. carcinoma, respectively 
[crcs^tedta^ 

fteimport^ceofextensiveprcel^ 
AcommonfeaturemmostclWcalrtals^ 

toxtcttynorallergicreact^^^ 

responses were seen even in the face of anti-IT antibody (35-37). 

[OOnjTbeefflcacyoftr ra tme„t™mITs,as„bservedinmePlmeItrials,is 
by the accessibility of targe, cells. So far, treating solid tumors has me, with little success, whereas 
treatoentofdisorderslikel^ 



complete responses in Phase I trials (38). 

[00.21 "P^-entionp^ 

.nOVHDor.lo^reJec.ion. A:», .e™, cells (T cel, ieu^ or l^.L 
[00B] A [moleeulej^fc specifica| , y K ^ 

* -" g a ffl n i , yand spec ifci , f „rC D 3,CO,or ft erecep,„, T^^emoleelma^ 

.her d ,rec„ y or ,„ directly , (thus ^ ^ ^ ^ ^ 

toxin , ^ ^ ^ _ J£ 

^ Aisprefared . ^^^J 



In prodrug embodiments, typically one of the molecules specifically recognizing CD3 [ or], CD7, or a 
receptormay be provided with the converting agentand the other with the prodrug. CD3 a however, does 
not need to be coupled to a toxic moiety to have an effect, since it blocks the interaction of the T cell 
receptor with [APC 's]APCs. This is one of the advantages of the present invention which [are]is not 

present in the prior art. 

[001 4] As stated above, it is preferred that both CD3 and CD7 are targeted by specific binding 
moleculesmerefor.TWscocktauhasprovenitsetf^ 

the toxicmoiety is attached to both specifically binding antibody molecules. A surprising effect of this 
cocktail is **ahhou^ 

treatable with low dose corticosteroids^ which in first instance the GvH was not.] Thus, such a 

combmationisanomerpreW^ 

apr^aceuticalcompos^^ 

and said second molecule specifically recognizes CD7. 

[0015] The toxicmoietymay becoupled to the specifically binding molecule in any manner. For 
example,mecx)uplmgc^ 

cutting site between a binding molecule and a toxic (protein) moiety, but for ease of manufacturing and 
freedomofchoice in toxic moieties, chemical coupling is preferred, optionally by an acid-labile linker. 
Upon internalization, a conjugate typically goes through a lysosome. 

[001 6] The invention also provides a pharmaceutical composition wherein at least two molecules 
specificallyrecognizingdifferentreceptors are provided with toxic moieties, which may be the same or 
differenttoxicmoieties. Amajo^ 

moieties are different, is that higher doses can be given. Typically the pharmaceutical compositions 
accordmgtomemventionmayformercompriseatleastonefu^^^ 

CD2, CD4, CD8, or an IL-2 receptor, which may also be coupled to a toxic moiety. This may provide 
Wgherefficacy,butmayalsobe^ 

for instance, prodrug regimes. 

[0017] ItispreferredmatwhenmemoleculespecificdlyrecogmzingCDS is an antibody, that the 
antibodyisofthelgGgamma^Bclass, because this antibody does not fix human complement or bind 
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I0W8] Doses used are given in the de«a ile d description hereof. The iimirs of d„< f 

bee use f the dlfferent to|era , ed ^ for ^ . 
deglycosylated.thelirmtswillbegemrallywilhuiatle,,,^ • ncm A 

25 mg per square meter body surface. Uglier than 

asHIV-mfection. As slated above inGVHn a „j a • . eutseasessucn 

J-Such a regimen is [thus Jalso part of the invention f 
] 

dtseaseEVHD and/or graft rejection co m prisi„ gr a condition M d] a pha—ca, 
composttton comprising a, least one corticosteroid Th, • , P^^uttcal 

wsqzu /o J^ooftheonginalamount,usuallyevento5o/„nri^o t 
con^ttowhatpriorari^egirne^havcacconrplishcd typicaUy lh is ^"'^ * 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0021] FIG. 1 is a view of an example of an immunotoxin. 

[0022] FIG. 2 is a view of an example of the mechanism of action of an immunotoxin with an 

antigen. 

[0023] FIG. 3 is a view of a SMPT. 

[0024] FIG. 4 is a bar graph depicting the proliferation of responder cells when SPV-T3a was 
added followingtheinitiationofamixedlymphocyte culture. The graph illustrates that alloactivation was 
blocked when SPV-T3a was added following the initiation of the mixed lymphocyte culture. 

[0025] FIG. 5 consists of two graphs charting incubation of a CTL-clone treated with SPV-T3a 
as compared to a control group and IgG2b-mAb. The first graph illustrates the reduction of CTL- 

cytotoxicitydirectlyfollowingtreatment.Thesecondgraphshowsmereductionofto 
on day 5. 

[0026] FIG. 6 is a graph illustrating the reduction ofNK-activity determined by a 5 1 Cr labeled 
release incubating with saturating amounts of WT1 -dgRTA, IgG2a-dgRTA, WT1 and SPV-T3a-dgRTA. 

[0027] FIG. 7 consists of a chart and graph illustrating the weight changes following the 
administration of the IT-cocktail. 

[0028] FIG. 8 consists of two graphs comparing SPV-T3a-dgRTA, WT1 -dgRTA, and IT cocktail 
at differentserum concentrations. Each graph illustrates me rise mserimi concentration followmg infusion. 

[0029] FIG. 9 consists of two graphs illustrating CK levels after infusion of the IT cocktail. The 
arrows pointing to the graphs show the times thatthe IT cocktail wasplaced in the system. The graphs 
illustrate a rise of CK-levels following infusion. 

[0030] FIG.lOisagraphillustratingmereductionofcirculatmgTcellsandNKcellsfollowin^ 
first infusion. The graph is based upon a 24 hour scale. 

[0031] FIG. 1 1 consists of two pictures of skin biopsies of a patient. Picture A depicts the 
epidermis before the IT-cocktail treatment while picture B depicts the epidermis two weeks afer the IT- 
cocktail treatment. Picture A is typical for severe GVHD. 

[0032] FIG. 1 2 is a graph depicting the response of lymphocytes in a test subject after the IT 
cocktail was placed in the system. 



DETAILED DESCRIPTION OF THE INVENTION 
[0033] The rationale for ITs to treat GVHD is that these conjugates can be used for an efficient 
and specific [eradicatingjeradication of immunocompetent T cells responsible for the disease. In this 
perspective, ITs might be more effective and may cause less side effects than broadly immunosuppressive 
reagents such as cyclosporin and corticosteroids. In 1 990, Byers et ah reportedf of] a Phase I clinical 
trial in which they intravenously administered an anti-CD5 RTA-IT (Xomazyme-CD5) to treat 
corticosteroid-resistantGVHD(39). The initial results were very promismgwims^gastomtestinal tract, 
and liver disease responding in 73%, 45%, and 28% of cases, respectively (39). However, more recent 
clinical trials [showed]have shown that Xomazyme CD5 [was]js no more effective than alternative 
treatments (18). Consequently, the further development of Xomazyme-CD5 [wasjhasbeen abandoned. 

[0034] Encouraged by the initial success of the IT-based treatment of GVHD, we set up to 
developalternativelTswith superior anti-T cell activity. In order to achieve this, RTA was conjugated to 
a panel of MoAbs that react with antigens that are expressed almost exclusively on T cells, namelyfj the 
[T-cell]Tcell differentiation-antigens CD3, CD5 and CD7, and eaclrwas assayed[ each] for its anti-T cell 
activity. From this preclinical study, it appears that acocktail of SPV-T3a-RTA (CD3-IT) and WT1 -RTA 
(CD7-IT) has the highest potential for treating patients with severe GVHD. This mixture affords: 

- Synergistic cytotoxicity in which the simultaneous incubation ofhalf the effective individual dose 
of SPV-T3a-RTA and WT 1 -RTA is more effective in eliminating T cells than either IT alone (including the 
CD5-IT). 

- Broad mechanism of action in which binding of SPV-T3a to the T-cell receptor/CD3 complex 
results in an additive immunosuppressive effect by blocking the recognition by the donor T cells of the 
foreign patient antigens. This effect is independent of action of ricin A. Moreover, the binding of this 

particular CD3-MoAb does not stimulate T cells to produce cytokines which would otherwise augment 
the severity of GVHD. 

- Broad spectrum reactivity by which WT 1 -RTA is also reactive against [KK-cellsI NK cells . 

TheselymphocytesarethoughttoaggravatetheseverityofGVHD.especiallyinthelaterphaseofthe 
disease. 
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10.3 I ^^P re v i ous, y de S c ri M«ha t ,heuse„fc„ mbfaafasonTs ^ ^ 
«to . W,th ^•o«heuse„ fMi .T.ce l O MlT , re ^ saddressingthecombinatio 

observed w,,h the more or , ess [^.j^ rf ^ ^ ^ »» « — 

dej:z ome ™^ 

(A, ^n«i„80faCD3o r a t T<, UMr eeep t „ r(T c R)mAbresultsin[an 

alloactivationoftheT lymphocytes. 8 
(B) ^rf.C M „ TC R a ^^ in[ „j -Ie(11|prtlInHii ^ 

tape " effeC '° r meChaniSmS ' ^ ^ ° f 3 «»• - of vita, 

beneftofmakingafrealkillerT-realkiller-ofthemAhh ■ • . ^^the 

selectedSPVn ™ . U!aLOf " ,emAbb y c '» 1 J u g a ""«'<'oatoxi„.Onereas„„ we 

selected &PV-T3a as CD3 mAb is that SPV-TIa k r„n,,„ i„mu ■ 

T . , j SFV "^Man^b-.sotvpe and out ofthe majority of the 

[by , As . conscquence> ^ ^ rf fc ^ ^ ^ 
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[s^drome'Jas^ 
reduced. 

(C) ™epresenceofmeCD7-ITm^ 
['common'J^oinmonrsynergism^ 

antigenisalsoexpressedonNKcelJs U which 3 accord^ 
welLOurchangedinsightregardingtheprocessesunderl^ 

in the pathophysiology of GVHD, particularly in the efferent phase of the disease. 

[2.4 JClinical history of the IT-cocktail components: 

[0037] SPV-T3a:SPV-T3ai S amou S eIgG2bMoAbdirected against the human rT-celllT cell 
differentiation antigen CD3 (40). 

[0038] Anti-CD3 antibody therapy is often associated with the cytokine release syndrome caused 
bythebhdingtoMT^^ 
TSaisthatthisparticute^ 

[0039] AtmeDepartmentofHem^^^ 

marrowobtainedfromHLA-matcheduiuelateddonorsiscuixently 

T3a-RTAandWTl-RTAinordertoelirm n atein™unoco m ^tentTcells.Thepa^^ 

tWsmarrowshowednormalhematopoeticreconstitutionwita 

shown). 

[0040] WT1: MoAbWTlisamouseMoAbof^aisotypedirectedagainstthehumanTcell 
differentiation antigen CD7 (47, 48). 

[0041] AtAeDepartaento^^^ 
undementalddney-transplantation.havebeentreatedwim 

administrationofunconjugatedWTl appeared to be safe and did not result in either an allergic reaction 
or severe toxicities. No clinical efficacy could be noted. 

[0042] WT1 has been conjugated to dgRTA and administered to rhesus monkeys to test its 
suitabilityforusein^^^ 
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for the treatment of T-lymphoblastic CNS leukemia. 

[0043| A.thel^panmen.ofHematologyof.heUmversi^HospitalN.jmegen, WT1 -RTAhas 

ne„her neutrophil engraftmen, nor immunological reconstitutjo „ was de|ayed ([n _ ^ 
SWTa^^TWs-,^ 

dictation of me MoAb and dgRTA which is necessary for toxicity. See [figure 2MU) 
100451 ^isasocanedr^d-generata^^^ 

^ m ode, t ha.usi^ [ SP^ ^Bffi i ffiteaaoftnefet . geIleratio ncross-lWcerSPDP.stror^yimpro^ 
Stad '^~n,„fmalig„an,^^ 

could be maintained between the infusions given at [48-h„u K ]4jy 1 < ! ur intervals 

I0046J dgRTA: The earliest RTA-based ITs consisted of a MoAb conjugated to native RTA n. 

(20, 5!). This problem has been addressed in the sccond- g ene ra «io„ ,Ts which make use of either 
deglycosylated RTA (dgRTA) or non-glycosylated recombinant ricin A (rRTA) (52 53) 

' 0047 I Vite ^°«eaguestave^ 
wtthrcfraCot.B^llnon.Hoogkin-slymphom, ^tested two different constructs, mthefirs, the 

they used RFB4 whole molecule (54). 
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[00481 TheITswe re ad m ini^by4-ho m i ntt avenou si nfusion S givenat[4 8 .hoursl48-h m ,r 
■me™,, The Phase I dose limiting toxicities included pu|monary ^ ^ ^ ^ ^ 

rhabdomyCysiswiftacute^faite. Oftersideeff^includedhypoaibuminen.i^igh.gai,, fever 
tachycardia, decrease in electrocardiogram vol,age, myalgias, anorexia, and nausea. The maximum 

.o l era,eddose(MTD)was75 mg / m! f„r m eFab^gRTAa„d32 m g/ m; f„r wh0 ,e,gG^gRTAnThe 
MTD appeared ,o be inversely related to ,he serum [haif lifejhajaife of 86 minutes and 7 8 hours 

(parttal and complete responses in 45% of the patients receiving greater than 50% of the MTD) in 
.n»u»gemci,y„rin m e,oxicsidee^ 

for further development. 

[0049] Themajorfindingstobeleamed from these studies are: a ) The MTD of dgRTA-ITs is 
^"^Wonthesizeofanindividualdo^ 

RFB4 (,gG) -dgRTA a, [48^48^ inters a, doses of 8 mgW or less, only grade , or II 
.o X ,c„ 1 eswereobserved.T„ te ,d„sesof3 2 mg/m=RFB4( Ig G,-dgRT A wereconsis,en.lysafeAsa 

m» t ameddu™gandbe h veenM K i„r E .6) S ideeffec K of te dgRTA-IB 
modestand^istedpredon^^^ 

VLS contributing to farther pulmonary insufficiency. 
[0050] Panen^ivedfourdosesof^^ 

(grade III or IV) [occurjoccured, the study! is] continued with the next higher protein dose level. 

[4.0 JPatient population 

[0051, Patients have received second-line high dose corticosteroid therapy 
([meftylr^onjo^^ 

severity of [aGVHDI GVHD . 

[0052] Patients are EXCLUDED from participation in the study if: 
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1. The patient has a significant history or current evidence of intrapulmonary disease. 

2. The patient has a history of allergy to mouse immunoglobulins or ricin. 

3. The patient has circulating high levels of human anti-mouse antibodies (HAMA). 

[5.0 JTreatment 

[5.1 pharmacological information: 

[0053] The IT-cocktail has been prepared by the Department ofHematology under supervision 
ofmeDepartmentofClinicalPharmacyofmeUniversityHospi^ 
-80Tatlmg/mlm0.15MNaCUnlo^^^ 

througha0.22 M mmteranddilutedtoafmalvolumeofl00mlmnormalsal^ 
theTcelllineJurkatis^^ 

lots of IT-cocktail. 

[5.2 lmmunotoxinl lmmunotoxin administration: 

[0054]Immunotoxmsareadmimsteredviaacentralvenouscameten 
aregivenan[i.v.]i^^ 

anaphylactoidreactions. The IT-cocktail is administered in four doses at [48-hours]4eour intervals. The 
rationaleofthis is to give all of the IT-cocktail before any host antibody response is expected to arise 
(usually not before 10 to 14 days after administration of xenogenic Ig). 

[0055] Thepatientisimtiallytreatedv^mtwosubsequentdosesof2mg/m^ At this dose level no 
side effects are observed. In the absence of grade III or IV toxicities, the dose will be enhanced to 4 
mg/m 2 if necessary. [.] 

[5.3 JGuidelines for dose modification: 

[0056] Toxicities related to the immunotoxin administration are graded as grade I (mild), II 
(moderate),III(severe)orIV[ Wife threatening) based on World Health Organization (WHO) guideline, 
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Special attentionmustbepaidto the vascular leak S) oidrome(VLS). The physical signs ofVLS are weight 
gain, peripheral edema, decrease in blood pressure, hypoalbuminemia, and small pleural efmsions. 

[0057] Consecutive doses given to the same patient: Infusion of the second, third and fourth 
dose at any dose level is dependent upon the toxicity achieved after the previous infusion: 
Grade I toxicity: no change in the scheduled dosage. 

Grade II toxicity: 24 hours-delay of the dosage, with the next dose given if toxicity improves. 
Grade III toxicity: the next dosage of immunotoxin will be withheld and only given if toxic 
parameters have improved (halving of the dosage can be considered). 
Grade IV toxicity: no further dosage. 

[0058] Dose escalation: Progression from one dose level to the next should only occur after: 

- The patient(s)ofthe group treated with the previous dose level havereceived four doses oflT- 
cocktail and have been observed for at least 48 hours after the last [dosisjdose; and[,] 

- Dose limiting toxicity has not been reached. 

[0059] Dose limiting toxicity: Dose limiting toxicity is defined as the occurrence of adverse 

reactions of grade III or IV in an individual patient. If two patients experience a Grade III toxicity or if 

Grade IV toxicity occurs in a single patient, three additional patients will be entered at this dose level. If 

none of these additional patients demonstrate toxicity of grade III or IV, administration will again be 

continued to the next higher doselevel. If Grade TV toxicity occurs in two patients at a given dose, the next 

patients will rx treated wimmeprevioiJsdoselevelwWchwillte 
(MTD). 

[5.4 ]Concomitant medication and treatment: 

[0060] Immunosuppressive agents used for prophylaxis and initial treatment may maintain 
unchanged throughout immunotoxin therapy. 
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[6.1 JPretreatment studies: 

[0061] Before entry into the study, the patient undergoes a general examination consisting of 
medical history, physical examination with special emphasis on acute GVHD, measurement of oxygen 
saturation, elect^^ 

C1-, HC03-, urea, creatine, bilirubin, glucose, AP, ASAT (GOT), ALAT (GPT), gGT, LDH, total protein 
plus electrophoresis, leukocytes plus differentiation, red cells, hemoglobin, hematocrit, and thrombocytes. 

[0062] Thepatientisassayedforhumanant™^ 
serumlevelsofIL-2,T^^ 

helper/T-cytotoxic precursor assay will be performed[ (see Appendix I)]. 

[6.1 ]Follow-up studies: 

[0063] Dailycompletephysi^ 
mtwodaysafterthelastdoseandtthenjweeklythereafter. Blood is analyzed daily for Na+,K+,C1-, 
HC03-, urea, creatine, glucose, albumin, leukocytes plus differentiation, red cells, hemoglobin, hematocrit, 
and thrombocytes. Blood is analyzed every two days for bilirubin, AP, ASAT (GOT), ALAT (GPT), gGT, 
LDH, total protein plus electrophoresis. 

[0064] Vital signs (blood pressure, pulse, respiration frequentation, and temperature) are checked 
every 1 5 minutes during the [ 1 stjfirst hour post infusion, every 30 min during the [2nd]second up to 
[4m]^hourrx)stirn%ion,andfrommenoneveryhourupto 

signs are assessed daily during IT-cocktail administration until [2]two days after the last dose, and then 
weekly thereafter. 

[0065] Pharmacokinetics and clearance of Its: Blood samples are collected at 0, 1, 3, 4, 8, 

1 2, 24, and 48 hours after each infusion. The serum concentrations of SP V-T3a-dgRTA and [WT1 - 

dgRTAarej WTl-dgRTAare quantitativelydetermmedinasens^ 

radiometricassay(IRMA).Fromtheseresultsmemdividualserumh^ 
using [the non linearjnon-linear, least squares regression analysis. 
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[0066] Measurement oj 'humoral responses: In order to examine HAMA and HARA responses, 
senmisamplesareobtainedonedaypre-injectionandfsubsequentlyjweeld^ 

the patient comes offthe study. The concentration of HAMA and HARA is determined in a sensitive 
radiometric assay. 

[0067] Immunological monitoring: Blood is sampled every other day during IT-cocktail 
admimstmuonunh^ 

PBLsareisolatedandev^ 

withTcells subsets, [B-cells]B^ells, monocytes/macrophages, and NK cells. Serum [are]is collected to 
determinelevelsofIL-2,TM^^ 
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[0068]TheprolifemtiveandcytotoxicactivityofdloreactivePBLsistes^^ 
the last dose using standard T-helper and T-cytotoxic-precursor assays, respectively. 

[0069] StagingandGradingofGVHDandclinicalresponses: GVHD^^ 
rr-coclctailadm^^ 

comes offthe study. Each organ system is evaluated grade [ 1 ]I through [4 aGVHDl IV GVHD according 
to thecriteriaofGlucksbergetal.skinbyamountofsurface involved with rash, gastrointestinal tract by 
thevolumeofdiarrhe^andliverbyserumbilirubinlevels. Patients are also given an overall grade of 
[aG VHP] GVHD based on severity of organ involvement. 
[0070] Responses to therapy are defined as follows: 

- complete response (CR): the disappearance of symptoms in all organ systems; 

- partial response (PR) : improvement of 3 1 organ, with no worsening in other organs. 

- mixed response (MR): improvement of 3 1 organ, with worsening in 3 1 other organ. 

- stable disease: no significant change in any organ system. 

- progressive disease (PD): progression in 3 1 organ system without improvement in any organs. 
[0071] The duration of response is defined as the period from the date the response was first 

recorded to the date on which subsequent progressive disease is first noted. 



17 



Results[.] 

(0072] Animal toxicity studies and preclinical studies [.] 
Animal toxicity studies and preclinical studies are summarized [here.Jhj 



erein. 



INHIBITION OF AI T OACTIVATTOM rv TJNCONTf TfiATFn T , n 

Method: 

f° 073 l Altov ^ n wasanalv7^in 

wit h "responded p eripheral M^l^^^^ in a on£ to _ ^ ^ 

MLC, SPV-T3a f 1 0* M) or an irrelevant isotype- matched control antihodv ^ ^ tn ,»., ^ ]tmr 
medium. FolloW 7? hours of culture plates werelahe.eH with p^ ^*,^^^ 
Subsequently, the proliferation of responds cells was d^in.H u y ^ ]ectinQ thw nM A , ^ 
harvester and ™mtin P theiiK^^ 

untreated control 



Results: 

f° 074 l * A11 ™«ivationw^ 

thiseffect graduallyceased to exist FolhWfourd™ ^Hnn^ .^^,^^.,,^ 

proliferation. The irrelevant isotype-matched con trol antihnHv^ nl1nirf|V 1( , , ^ 

pomts.Translatedtothe/,^^ 
ofddivmnpadm^ 

lymphocytes. For the suppression or elimination of ^Hv T lvmnWvfpa gpv ^ 

dependent anothereffecto^^ 
conjugated to a toxin 



"The results are summarised in graphical form in FTP 4 
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Method: 

originating from the samp individinl Th^r tt .1 . 



Results: 
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COMMON TT-mrKT ATf SYNERGISM OF spv.t^ a mvj^ 

Method: 

1 00771 VUA -^"^ PBt.weretr.ated with 10»M ITfnm h „ wa .^ anH „„,„,„,„ 

f CT anpfterfo,,davsa,^rinlT-^n,ln,re r nedi„ m r,oen a h l e,h.rT,^ ;T u 1 ..^, m| ,, || ^^ m 
■fetomriodcelHwereincnhatedvvi^n^ 

OR)and2„p/mlca l ce i nAM(aie)fMolen, l arPmh^fnr lhn „„,PT *-~ r ^ mlhm ,^ 

o.aCoul,erRpi r ,F l itef r ou M flowe 1 4on 1 e,ere qil i r r P d,v i , ll ,40rnWA ro n n , n „w. r nTn .._ 1tr 
mW. A ion^-fflter of 6 ! 0 nm was „ed for men s „ren,en, n f vu^ —^ . ha „H na ... fi |,„ 

^niccornnen^in,^^ ., 

of 10,000 ceils ViaMe eeils were identified r- hrin, P,- n e,„,,,. rositiv „ P|W ,„ p r , f , 

^V^afi^™o,,r,tofinertheadst^^ 

ca.culationofthenumherofsunHvinpcelh Wred„etinnnfPP, „„.^ r .y^,. fl f||> 

untreated control 



Treatment 



- SPV-T3a-d P A 

- WTl-dg A 

- SPV-T3a-H pA and WT1 -Hp A 
(half a dose each) 



Factor of PRL reduction 



100 
87 
1770 



to be far more effective in combination (half a do,. ^ ^„ ^ TT llfW 
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Method: 
Results: 

w ^^^^^ 

like monocytes and NK7T AY ^lh 



^ergsuhs are summarized in jgajjhicajft^ 
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Animal toxicity studies- 

A- LD50 determination wit h Balh/C mi™» (See. F^G !) ■ 

: IT-cocktail: 25-45 mp flrp 

= — RFB4-dgA Chased on litpr aturel: 14 mp /Vcr 

B - Administration to Java-mn nkevs (tee , FT Q S . 8 and Q) - 

= — Rise of CK- levels following infusion 

: — No further acute toxicities 



22 



Clinical study. 

[0081] The results of the clinical study are reported herein. 

Clinical pilot-study 

f00821 Onpoinponerenter non nndom.Ved T ni^ H ^ r _ n] ||h|| 
5-7 patients) 

Four doses intravenously „t 4«-ho Ur intervals- 



study Taim of treatinc 



Doseonjj^pcktail 
(mg/m 2 ) 



PATIENTS Di D3 D5 D7 Total 

1 2 2 4 4 J2 

2 4 4 4 4 16 
2 8 8 8 8 32 
2 10 10 10 10 40 




First patient characteristic- 

Male 60. Mul tiple My eloma 

Sibling tran splantation 



_ GVHD of skin, gut and Hv P r f overan ? r ^ p TV} 

Complication: multi-organ failure 
JT-cocktail: ? doses 7 mpW, i of 4rnp /rn 2 

Died seven days following the firo t infminn 
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First patie nt, toxicity- 

Mild capilla ry leakap e n 0 weip ht pain 

No increase of CK-levels 

No further acute toxicities 

No HAMAs/H A R A g 

First patie nt clinical resp ond- 

Skin: impro vement starting at dav S 

Liver: stable (poor condition) 

Gastrointestinal tract: not int erpretahle ( morphine) 

First patient, biolopical r esponse: fe, FIG. 10) 

Im P ressive reduction of circulate T/NK cells (Cm^ + , H CD7+ i^p ^ w i y} 

During first 4 hour infiis jon: decrease tn i 70/, 

Gradually declines further to 1 % at day 7 



Dual mechanism: mAh-hasen f f ast ) & nVA-h^H fw;,^ 

Second p atient, characteristics: 
Male 34. CMT. 

Matched un related donor 

Grade4GVHDofthe skin 

IT-cocktail: ? doses ?. mp/ m 2 . 2 of 4 mp /m* 

Second pa tient, toxicities- 

No acute to xicities could be observed 

No HAMAs/HARAs 

Second pati ent, resp ons es (See. FTfi 1 1) - 
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Dramatic (completed respo nse startinp at day s 

Lasting for - 1.5 month 

Relap se offiVRH T.u 

Respondin g to low dose corticosteroids 

Died 8 months following treatment due to an infection 



Third patie nt, characteristics- 
Male 47 Mns 

HLA-identical donor 

GVHD grade V4 of the p ut 

IT-cocktail: 4 doses of 4 mp /m 2 



Third patient toxicities- 

Rise in body temperatur e during infiisinns 

No further acute toxicities 

No HAMAs/HAR As 



Third patient resp onses- 

Reduction o f lymphocytes (see. FTfi 1 9) 

Decrease of stool volume 

Endoscopy: strong impro vement of p nt-tissng 



Conclusions pilot-study 

IT -c°cktaiH^ 

in the absence of acnt e severe toxicities 

IT ^ octoilf ^^ff^tivetoolfor/>;v,vr) suppression ^uni^^ ^^ lvmr ^ m 

or malignant T cells and/or NK cells 
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Materials and methods. 



Making [monoclonal antibodies. 1 Monoclonal AntihnHia* 

[0083] Themonoclor^antibodesdisclosedherein 
knownnuheM. Sele^^^ 

are also well known in the art and may include affinity chromatography and the like. 

Preparation of F(ab V„, mJ itegtt!ents 

I0084J ^^"tsofantMeswerep^ 
Rockford, IL), according ,o the manufacturer's protocol. Briefly, antibodies were incubated with 
■mmobiiized pepsin a, pH 4.2 (20 mM sodium acetate buffer) for [4,] ta and [,6 hMxte^s 
^specnveiy.Undigested^^^ 

protemA-sepharose.Remaimngfragmen^maJlertaSOkDwete.emov^ 
concentrator^^ Bev^^ 

whtch revealed less then 1% contamination with either intact , g G or Fc-fragments (data no, shown). 

IT preparation. 

100851 ^^wereconjugatedonaltolratioCm/mJtodeglycosylatedricinACdgA Inlartd 

as described by Ghetie e, al. (Ghetie, V. e, a,., The GLP ,ar g e scale P r ep ara«on of, mmm „ Mm 

comaminga-egfycosylCea-ricinA chainandaMreddisulMto^J, J. tamunol. Methods 1991 
142: 223-30). 

[00861 AntibodieswereconjugatedtoricinA(kindlyprovided by Dr. FJCJansen; Centre de 
R - h ^a m Midy,M„n«pel.ie^^ 

Pharmacia) or SMPT, as described. (The conjugation ratios of r,i„ A ,„ mAb were estimated by 

measurer„e„,ofabs„rba„cea,280nma„dRIA,andwerede,ermined,obein m eorderof08.o.2 
Preservation of antibody-binding activity following conjugation was assessed by FCM 
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Table I: Dose levels: 



Dosage of IT- 

cocktail 

(mg/m 2 ) 

dl d3 d5 d7 Total 

Patients 



1 


2 


2 


4 


4 


12 


2 


4 


4 


4 


4 


16 


2 


8 


8 


8 


8 


32 


2 


10 


10 


10 


10 


40 
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Table 2: Flow-chart of IT-cocktail study (summary of study requirements): 



PROTOCOL FLOW SHEET 
(days following initiation of the study) 



2nd 3rd 4th 
inj.inj. inj. inj. 

I I I I 

Pre dl d2 d3 d4 d5 d6 d7 d8 d9 dlO d22 d29 d36 d43 
0 



Informed 
consent 
History and 
Phys.exam. 
Chest x-ray 
ECG 

Vital signs 

Biochemistry 2 

Hematology 3 

Pharmokinetic 

S 



6 

Cytokine 
levels 7 

Alio- 0 
precursors 

GVHD staging 0 0 0 0 0 0 



0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 






























0 






























o 1 


0 


o 1 


0 


o 1 


0 


o 1 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


o 4 




o 5 




o 5 




o 5 




o 5 
















0 
















0 




0 


0 


0 


0 


0 


0 




0 




0 




0 




0 


0 


0 


0 


0 


0 


0 


0 




0 




0 




0 




0 


0 


0 


0 


0 


0 


0 



oooooooo o 8 



l:Vitalsignsareche^^ 

Pndjsecond up to the [4th]fourth hour, and from then on every hour up to Weight hours post-injection. 
2: Thepre-study biochemistry panel includesNa+, K + ,C1-, HCO r , urea, creatine, fbillirubinlbilirubin. 
glucose, AP, ASAT (GOT), ALAT (GPT), yGT, LDH, and total protein plus electrophoresis. 
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Duringthefollow-upst^ 
glucose,and albumin. Besides, every twodaysis added [billimbinJbilimHn^P^SATCGOT), ALAT 
(GPT), yGT, LDH, and total protein plus electrophoresis. 



3 : The hematology panel includes leukocytes plus differentiation, red cells, hemoglobin, hematocrit, 
thrombocytes. 

4: To be continued weekly until WBC numbers have returned to normal. 

5: Venous blood samples are obtained pre-injection and 1 , 3, 4, 8, 12, 24, and 48 [h]hours after each 
injection. Besides, a sample is taken 72 [hjhours following the last injection. 

6. The flowcytometrypanel includes the markers CD2, CD3, CD4, CDS, CD7, CD8, CD14, CD19 and 
CD56. 

7: Serum is assayed for levels of IL-2, TNF-a and IFN-y. 
8: To be continued monthly when responses are observed. 
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Table 3: staging acute graft-versus-host disease_(GVHD) 
(Glucksberg et al, Transplantation 1974, 18: 295-304) 
Skin. 

grade 1 : maculo-papu.lar eruption involving less than 25% of the body surface 
grade 2: maculo-papular eruption involving less than 25% to 50% of the body surface 
grade 3: generalized erythroma 



Liver 

grade 1: bilirubin 34-50 umol/1 
grade 2: bilirubin 51-100 umol/1 
grade 3: bilirubin 101-254 umol/1 
grade 4: 3 255 umol/1 

Gut 

grade 1 : 500 to 1000 ml of stool/day 
grade 2: 1001 to 1500 ml of stool/day 
grade 3: 1501 to 2000 ml of stool/day 
grade 4: >2000 ml of stool/day 



Overall severity of aGVHD 
grade 1: skin: 1/2; gut: 0; liver 1 

grade 2:slci„ : 1/2/3/; gu, ,/2 and/or , iver m ^ ^ 

grade 3 skin: 2/3/4; gu, 2/3/4 and or liver 2/4 often associated with fever 
grade 4: simular ,o grade 3 bu, extreme eons,i,u,i„»al symptoms 
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Method: 



[INHIBITION OF ALLOACTIVATION BY UNCONJUGATED SFV-T3a 



10078] Alloactivationwasa^yzedinan^edlymjAocytecult^CMLC). MIX were performed 
with "responder- peripheral Hood lymphocytes (PEL) mtxed in a one ,o one ratio with irradiated 
•stimulator- PEL. Cultures wereperformed intriplicate(5xl0«cells/well) inU-bottomed microtiterplates 
,n.50„,cu.,uremediuma t 37Ta„d5%CO,Pri„r,o > „ra«differe„,daysf„,l„wi„ g i„i,i a ,i„„ oflhe 
MLC,SPV-T3a(,0-M)oran irrelevant isotype- matched control antibody were added to the euhure 
medtum. Following 72 h of culture, plates were labeled with [^thymidine (0.4 *Ci/well) for 4 h 
Subsequently, the proliferation of responder cells was determined by collecting the DNA using a cell 
harvesterandcountingtheinco^^ 



untreated control. 



[OOT^AlloactivatfonwascompletelyW^^ 
fceffect^dudlyceasedtoexis^ 

proliferation. The irrelevant isotype-matched control antibody did not influence alloactivation a. all time 

pomB.TransIatedtomeinvivosituanonmeseresultsdemomtmtete 

ofdeliveringadirectarrdunpormntimmunosuppressiveeffectb^ 

lymphocytes. For the suppression or elimination of already stimulated T lymphocytes, SPV-T3a is 
dependent on another effector mechanism, termed activation induced cell dead, (AICD), or needs to be 
conjugated to a toxin. 



ACTIVATION INDUCED CELL DEATH BY UNCONJUGATED SPV-T3a 

Method: 

I0080J ReductionofTCR-mediaWc^ 
acy.otoxicTceUcl„ne(CTL-^^ 

activity was assayed by lysis of a loaded EBV-transformed lymphoblastoide cell line (EBV-LCL) 
assessedeifterdircctlyor^ 
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fourdayincubationpenodwasin^^ 

t>rv-T3a). 

[00811 Di re cUyfoll„wing^e»(dayl), ill cubadonwi t h m tive m AbSPV-T3a(108M)^ 
■n a n,odes, reduction „ f CTL-cytotoxicity. Flow cytometric ^ ^ ^ ^ ^ ^ 

P^inanUy caused by the blocking md modulation of , he ^ ^ ^ iq ^ 
™ F °" 0Wi " 8 ^ ^ eXte " ded mCUbati0 °- CrL ' d ™ — * «°™> 

effec,bye liraiMtingas ^ 

tatner enhanced when conjugated to a toxin like ricin A. 



Method: 



COMMON IT-COCKTAIL SYNERGISM OF SPV-T3a-dgA & WT,-dgA 



[0082, • > HA-s.i m „ la ,edPBLwe re « re a,edwi ft I0.MITfor24ha,37«C,washed,a,dcu, to ed 
° R >^~^AM(Ca,c^^^ 

"™ A ^^«°™™^»-~ .ofPI.fluotescence.abandpa.-mtetof 

e^^o^^^^ Sa.pieswe.^edin^ca.eusingatnMta™ 
of 0,000 ce„, Viabie cells were identic as being P,-„e g ative and Calc-positive. Prior t0 FCM 

untreated control. 
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Results: 



TreatmentFactor of PBL reduction- SPV-T3a-dgA100- WTl-dgA87- SPV-T3a-dgA and WT1- 
dgA1770 (half a dose each) 

[0083] Duetothe'commonIT-cocktailsynergism'ITSPV-T3a-dgAandWTl-dgAappeared 
to be far more effective in combination (half a dose each) than, either IT alone. 



REDUCTION OF NATURAL KILLER ACTIVITY BY WTl-dgRTA 

Method: 

[0084] Blood mononuclear cells were isolated from peripheral blood by Ficoll cenrrifugation and 
incubated with 1 08M mAb or IT in a concentration of 1 x 1 OVml for 24 hrs. Subsequently, cells were 
washed and analyzed for NK-activity after 4 additional days of incubation without IT (this lag period is 
essentialforlTtodisplaytheirfullefficacy). During the experiment, 50 units/ml recombinants was 
addedto the culture medium to increase NK-activity. For analysis ofNK (activity, cells were serial diluted 
andincubatedwithafixednumberof 5 'Cr-labeledK562blasts(10 4 /100gl)to yield an effector to target 
ratio of 10:1, 3.3:1, 1.1:1, and 0.37:1. After 3.5 hrs of incubation at 37°C, the cell mixtures were 
centrifuged and radioactivity was measured. NK-activity was expressed as percentage maximum 
5, Cr-release as determined with saponin treated 5l Cr-labeled K562 blasts. Both were corrected for 

spontaneous 5 'Cr-releasea S determinedwith 5 'Cr-labeledK562bla S ts incubated with culture medium 
only. 

[0085] Incubation with saturating amounts of mAb SP V-T3 a ( 1 0 Mg /ml) had no effect on the 
NK-activity, nor had treatment with SPV-T3a-dgA (10"' M). Four days following incubation with 
WTI-dgA, incontrast, theNK activity distinctively reduced to 8% ofthe untreated control. Unconjugated 
WTl,normeisotyr*matchedc 

this means that incorporation of WT 1 -dgA in the IT-cocktail not only results in me common IT-cocktail 
synergism (Appendix III, pg. 3), but also broadens the spectrum reactivity. This is of vital importance 
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since,ftoughi„ i t i a«edbyCTL,GVHDis t hough,.obeaggrava t edbyless S pecifIcc y ,okine-s« im ula t ed 
bystander cells like monocytes and NK/LAK cells. 



Animal toxicity studies: 



A. LD50 determination with Balb/C mice: 

- IT-cocktail: 25-45 mg/kg 

- RFB4-dgA (based on literature): 1 4 mg/kg 

B. Administration to Java-monkey's: 

- Rise of CK-levels following infusion 

- No further acute toxicities 
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Clinical pilot-study: 

Four doses intravenously at 48-hours intervals: 

Dose oflT-cocktail 

( m8 / m ^PAT, E NTSD 1D 3 D 5 D 7T„ t an 22 44,224444 1 62 8 8 88 322,0 1 0 1 0,040 
mMKS mAMA ^ HARA), bi „, ogical ^ ciinka| 

First patient characteristics: 

Male 60, Multiple Myeloma 
Sibling transplantation 

GVHD of skin, gut and liver (overall grade IV) 
Complication: multi-organ failure 
IT-cocktail: 2 doses 2 mg/rn 2 , 1 of 4mg/rn 2 

First patient, toxicities: 

Mild capillary leakage, no weight gain 
No increase ofCK-levels 
No further acute toxicities 

First patient clinical response: 

Skin: improvement starting at day 5 
Liver: stable (poor condition) 

First patient, biological response: (See Figure 10) 

Impressive reduction (CD2+5+ and CD2+, respectively) 
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During first 4 hour infusion: decrease to 17% 
Gradually declines further to 1% at day 7 
Dual mechanism: mAb-based (fast) & dgA-based (lasting) 
Second patient, characteristics: 
Male 34, CML 
Matched unrelated donor 
Grade4GVHD of the skin 
IT-cocktail:2 doses 2 mg/m 2 , 2 of 4 mg/m 2 
Second patient, toxicities: 

No acute toxicity's could be observed 
No HAMA's/HARA's 
Second patient, responses: 

Dramatic (complete) response starting at day 3 
Lasting for - 1.5 month 
Relapse ofGVHD I-U 
Responding to low dose corticosteroids 
Died 8 months following treatment due to an infection 
Third patient, characteristics: 
Male 47, MDS 
HLA-identical donor 
GVHD grade 3/4 of the gut 
IT-cocktail: 4 doses of 4 mg/m 2 
Third patient toxicities: 

Rise bodytemp during infusions 
No further acute toxicities 
Third patient responses: 

Reduction of lymphocytes (See Figure 12) 
Decrease of stool volume 



Endoscopy: strong improvement of gut-tissue 
Conclusions pilot-study: 

IT-cocktail is well tolerated, no acute severe toxicities 

extensive biological and clinical responses in the absence of acute severe toxicities 
IT-cocktail forms effective tool for in vivo suppression or elimination of misdirected, overactive 
or malignant T cells and/or NK-cells 
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ABSTRACT 

Thepresentin^^^ 

anannbodya^^ 

assorted ^onepopulatio^ 

combination is a cocktail directed against both. 
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APPENDIX C 

(VERSION OF CLAIMS WITH MARKINGS TO SHOW CHANGES MADE) 

(Serial No. 09/668,555) 



Version of Amended Claims with Markings to Show Changes Made 



the 



I composition comprising - 



1 • (Twice Amended) A pharmaceutical composition for eliminating or reducing 
number of unwanted CDS and/or CD 7 positive cells, said pharmaceutical 
n mi x t ure com pi i^ consisting essentially n f. 

S SCCOnd fflele6ttI ^^ 
t h e s u r face of r ,.i i ,l .m^n^rl C D 3 a nd ' o r CD7 



- positiv e colls molecules, distinct fr^ Sf , id 
a 

first and sajd second molecules metede sinclude a toxic moiety. 



firstmolecules, said second molernl^ dirmnd , ni „ ■ PPT, wherein at ieas. one of ftesaid 



2. (Twice Amended) Thephn rm n.nu t i-nl „„ M m u f dj „„ , method acmr , ; „„ , n 

£taDUi ' Wherein Sai " *■ * '"'"-"".lb . uu tuuu -CIW-**^ ^ 

aete6ttle molec "fe specifically Kwsgni^recogruze CD7. 

3. (Twice Amended) The pharmaceutical composition of daim ., wherein said first 

4. (Twice Amended) Thepharmaceutica! composition of claim!, wherein said second 
mn > ° r " h " n " " r " f '"l ' ■ «■ ■ t I W molecules m m ^ 

7. (Twice Amended) The pharmaceutical composition of daim 1 . wherein said toxic 
mo,e,y is chemically linked ,o said *»<-«e*H r «ee*^ 

feeei>t ~ ate ^^ firs, and/or 

second molecule 



8- (Twice Amended) The pharmaceuticai composition of claim 1 , wherein aHeasHwe 



with toxic moieties, which may be the same or different toxic moieties. 



10. (Twice Amended) The pharmaceutical composition of claim 1, wherein said first 
molecule is a molecules are gamma2B IgG antibody or a derivative ther e of, which first mol e cul e 
r e cognizes CD3 . 

11. (Twice Amended) The pharmaceutical composition of claim 5, which comprises 
wherein the toxic moiety is at least the equivalent dose of 25 micrograms offce mricin A per square 
meter of body surface of a subject to which the composition is to be administered. 

12. (Twice Amended) The pharmaceutical composition of claim 1 1 , comprising wherein 
the toxic moietv is at least the equivalent dose of 1 00 micrograms offee mricin A per square meter of 
the subject's body surface per administration . 

1 3 . (Twice Amended) The pharmaceutical composition of claim 1 1 a comprising wherein 
the toxic moiety is at most the equivalent dose of 25 mg of feen mcin A per square meter of the 
subject's body surface per infusion . 

15. (Twice Amended) A method of treating a disease state in a subject believed to be 
suffering therefrom, said disease state comprising at least one of Graft vs. Host disease, graft 
rejections, T-cell leukemias, T-cell lymphomas, other lymphomas, other CD3 and/or CD7 
malignancies, autoimmune diseases, and infectious immune diseases, said method comprising 
administering to the subject an amount of a pharmaceutical composition said dis e as e states s e lected 
from th e group of dis e as e states comprising Graft vs. Host dis e as e , Graft r e j e ctions, T coll 
l e ukomias, T coll lymphomas, oth e r CD3 and/or CD7 positive malignancies, autoimmune diseas e s, 
and inf e ctious immune dis e ases, said pharmac e utical composition comprising: 
a mixture comprising a consisting essentially of: 

first mol e cule sp e cifically r e cognizing molecules directed against a CD3 er 



m 



€S? positive cell , and 

a second mol e cul e molecules, distinct from said first molecules, directed against 
sp e cifically r e cognizing anoth e r ligand r e c e ptor associated with th e surfac e of unwant e d CD3 
and/or a_CD7 positive eeUscell, wherein at least on e of the first and s e cond mol e cules 
includ e s the second molecules include a toxic moiety. 

1 8. (Amended) The pharmaceutical composition of claim 2, wherein said first mol e cule 
is an antibody, or a fragment or a d e rivativ e th e r e of molecules are antibodies . 

19. (Amended) The pharmaceutical composition of claim 18, wherein said second 
mol e cul e is an antibody, or a fragm e nt or a d e rivativ e th e r e of molecules are antibodies . 

2 1 . (Amended) The pharmaceutical composition of claim 1 9, wherein said toxic moiety 
is chemically linked to said mol e cul e sp e cifically r e cognizing CD3, CD7 or another ligand r e c e ptor 
associat e d with th e surfac e of unwant e d CD3 and/or CD7 positiv e unwanted coll first and second 
molecules . 

22. (Amended) The pharmaceutical composition of claim 2 1 , wherein at l e ast two both 
said first and second molecules sp e cifically r e cognizing diff e rent r e c e ptors are provided with toxic 
moieties, which maybe the same or different toxic moieties. 

23 . (Amended) The pharmaceutical composition of claim 1 8, wherein said first mol e cule 
r e cogniz e s CD3 and is a molecules are g amma2B IgG antibody or d e rivative of a gamma2B IgG 
antibody . 



